Abstract
INTRODUCTION
personnel and equipment at all stations must be ensured to reduce organization resistance is needed (Yu et al., 2013) . To overcome the abovementioned problem, this study adopts the concept of centralized allocation/reallocation to analyze the effect of allocated / reallocated of the personnel and equipment of TRA stations on the system's overall operational performance according to different operation conditions. This empirical study has several contributions to the transportation efficiency evaluation of TRA. First, to evaluate the overall transportation efficiency of TRA, this study adopts centralized DEA (CDEA) instead of conventional DEA, in order to better reflect the practical situation. Second, the concepts of difference analysis and resource reallocation are utilized to help TRA properly allocate personnel and equipment at all stations and then determine if excess input or insufficient output exists in stations through the existing station classification system. Third, personnel and equipment can be divided into six different situations according to the geographical range and resource management of allocation to help TRA in resource allocation and reduction of organization resistance caused by personnel deployment.
The remaining part of this paper is divided into several sessions. Session 2 provides a literature review of related topics, including research variable, the measurement method of past public transport efficiency, and the difference between conventional DEA and CDEA. Session 3 describes model content under different geographical ranges and changeable conditions of personnel and equipment allocation. Session 4 presents the adopted Taiwan Railway data, empirical research result, and the discussion. Session 5 concludes this study.
LITERATURE REVIEW

Railway Transportations
This study selected several input and output variables by referring to previous literature on public transportation efficiency evaluation for drawing the study input-output variables (Gathon and Pestieau, 1995; Coelli and Perelman, 1999; Coelli and Perelman, 1999; Bañon-Pino et al., 2002; Lozano et al., 2011; Yu and Lin, 2008; Lao and Liu, 2009; Jitsuzumi and Nakamura, 2010; Yu et al., 2013; Fu et al., 2013) . Among these studies, input variables include manpower, building area, the number of equipment and routes. In addition, building area, the total numbers of routes are considered as the input variables with fixed configuration.
In terms of inputs with fixed configuration, they belong to non-adjustable and non-compiled inputs. Manpower and equipment are managed by TRA and are adjusted accordingly. They belong to adjustable and centralized inputs. Meanwhile, the number of routes refers to the number of airport runways (Yu et al., 2013) . This input variable is unrelated to this study, but its meaning is similar to the number of platforms in railway transport; thus, the number of platforms is utilized as an input variable in our work. The revenue from the freight service of TRA only accounts for 4% of the total revenue. Not every station has a freight service; therefore, the freight service be ignored in this study. Thus, the total passengers and shifts are selected as output variables to ensure fairness and accuracy of the evaluation result. They both belong to adjustable and centralized outputs. Lozano and Villa (2004) proposed the concept of centralized resource allocation. In this system, all DMUs belong to a company or an organization, and are supervised and controlled by a high-class central decision maker. Conventional DEA individually projects DMUs to the efficiency frontier; by contrast, CDEA simultaneously projects all DMUs to the efficiency frontier. Since Lozano and Villa (2004) raised the concept of centralized resource allocation, many works have extended resource allocation into reallocation (Lozano et al., 2004; Giménez-García et al., 2007; Lozano et al., 2009; Asmild et al., 2009; Lozano et al., 2011; Mar-Molinero et al., 2012; Yu et al., 2013; Fang, 2013) . This process aims to allocate the resources of a company or an organization to other DMUs. Lozano et al. (2011) also indicated that the cost of reallocating resources is lower than that of not reallocating the same resources, with higher average output. They evaluated the efficiency of Spanish harbors by CDEA. They provided three conditions, namely, maximizing the incremental proportion of the total output under existing resource allocation, minimizing the investment cost after the total target output, and maximizing the incremental proportion of the total output within the investment budget.
DEA vs. CDEA
Under these three conditions, they divided resource into reallocation and non-reallocation.
Their results showed that the costs under resource reallocation are lower than those under resource non-reallocation with higher average output. Meanwhile, to make the model proposed by Lozano and Villa (2004) applicable in any condition, some studies have modified the model (e.g., Mar-Molinero et al., 2012) . Mar-Molinero et al. (2012) believed that the model could be simplified if the sum of lambdas in constraints is equal to the number of DMUs; they confirmed the success of this modification, as applied to a public school in Spain. Fang (2013) combined the model of Lozano and Villa (2004) using the model proposed by Asmild et al. (2009) . Taking chain supermarket as an example, Fang (2013) raised a new generalized CDEA model. And then divided technical efficiency into total technical efficiency, total allocation efficiency, and re-transfer efficiency to identify the source of total input reduction through the generalized model, in order to confirm the effect of adjusting investment and output on reducing the total input. Railway efficiency has been evaluated using DEA for several years. For example, Coelli and Perelman (1999) evaluated the technical efficiency of the European railway system by using DEA, and modified ordinary least squares, after which they compared the results. Azadeh et al. (2008) combined analytic hierarchy process, DEA, and computer simulation for the performance improvement and optimization of a train routine system accompanied by rigorous restrictions (i.e., priority and multi-purpose). Yu and Lin (2008) 
METHODOLOGY
As discussed in Section 2.1, the input variables selected in this study are personnel, building area, and the number of equipment and routes. Personnel are divided into business people and traffic officers, in accordance with the regulation of the transportation business of TRA. Business people include those dealing with passenger service (selling and checking ticket and station guidance), freight service, and operational business (including railway shunting); traffic officers are those responsible for passenger service, driving, checking tickets and supervising staff on train, inspecting goods brought on by passengers, on-train service, and cleaning. Equipment refers to the number of automatic ticket booths. Building area and route refer to the floor area of the building and the total number of platforms, respectively.
The output variables are divided into people who get on and off and the number of trains standing on the platforms, representing the total number of passengers and shifts, respectively. This study also makes three assumptions. First, business personnel and traffic officers cannot be replaced by each other. Second, the input variables, including the total number of business personnel, traffic officers, automatic ticket booths and platform, should be integers.
Meanwhile, the output variables, including the number of passengers who get on and off and of the number of trains standing at a platform, do not have to be integers, considering that all of them represent annual average values. Among all variables, the floor area, the number of passengers who get on and off, and the number of trains standing at a platform are the non-integers. Third, automatic ticket booths are used fully, so that the total number remains unchanged.
Problem Formulation
This study divides the resources of TRA, including business personnel, traffic officers and automatic ticket booths, into three plans (long-, middle-, and short-term plans) based on the range of resource adjustment under the current classification of transportation service segments and all stations. In order to consider the long-term operational performance of TRA, resources are allowed to make cross-transportation service segment and cross-station class adjustment. Considering the far distance in between all transportation service segments, the middle-term plan cancels the cross-segment limitation of the long-term plan, that is, resources can only be adjusted in every transportation service segment. To improve the operation performance of all stations in a short time, the short-term plan restricts resource adjustments inside of every transportation service segment; in addition, these cannot cross the station level.
Besides, with different adjustment programs, the ways of personnel adjustment also differ. Two adjustment programs are described as follows. Under program 1, automatic ticket booths are impossibly idle; therefore, the total number of business personnel and traffic officers can be changed (increase or reduce) in the long-term period, but the number of automatic ticket booths remains unchanged. Under program 2, considering that the personnel (i.e., the total number of business personnel, traffic officers) and the number of automatic ticket booths remain unchanged in the short-term plan. In other words, TRA cannot increase or reduce but transfer the total number of employees in the short-term period.
This study adopts a two-phase CDEA model. In the first phase (centralized phase), the TRA centralizes and maximizes the outputs of all stations. In the second phase (reallocation phase), personnel and equipment are reallocated to all stations, in accordance with the result of the first phase and the limitations under different plans and programs. The variables required by the three plans and two programs on personnel and equipment allocation in this research are described here. N refers to the total station;  refers to the increase proportion of output; r x 1 refers to the business personnel at rth station; r x 2 refers to the traffic officers at rth station; illustrates that the total number of business personnel and traffic officers after adjustment
should not be more than that before the adjustment, respectively. The total number of automatic ticket booths is equal to that before the adjustment, as Eq(1.4). Eq(1. The total output after adjustment should not be lower than that before the adjustment, as Eq(1.6). Moreover, the output of each station r after the adjustment should not lower than that before the adjustment, as Eq.(1.7). Eq.(1.8) illustrates constant returns to scale (CRS). The total number of business personnel and traffic officers after adjustment should be equal to that before the adjustment minus its slack, shown in Eq(1.11) and Eq(1.12), The total number of automatic ticket booths after adjustment should be equal to that before adjustment plus positive slack and minus negative slack for each rth station. The total number of automatic ticket booths is unchanged, so that the sum of positive differences of automatic ticket booths should be equal to the sum of the negative slacks, as Eq. (1.17). In program 2, considering that the personnel of TRA will remain unchanged in a short time, the content of the model is similar to that of program 1; in addition, the total number for each of the following: business personnel, traffic officers, and automatic ticket booths will also remain unchanged. Thus, we just need to modify less than in Eqs (1.2) and (1.3) by equal notations, and then make adjustments in the business personnel and traffic officers in phase 2 (i.e., Eqs. 1.11 to 1.14) by comparing them with automatic ticket booths (Eqs 1.15 to 1.17).
The sum of business personnel/traffic officers after the adjustment is equal to the sum of the business personnel/traffic officers before the adjustment. The model contents of the middleand short-term plans are similar to those of the long-term plan. However, we need to restrict N to be the sum of stations of every transportation service segment (middle-term plan) and the sum of stations in all levels of every transportation service segment (short-term plan).
EMPIRICAL RESULTS AND DISCUSSION
This study adopts the operation data of 129 stations of TRA in 2011. Simple and call stations are removed given the fewer numbers of passengers and the lack of station staff. The
Zhongzhou and Hualien-Port stations are also removed because of missing information. The number of Top Grade Station is small (including Taipei, Taichung, and Kaohsiung), thus, the Top Grade Station is incorporated in Grade 1 Station of the same transportation service segment, in order to ensure the accuracy of the evaluation result. As shown in Table 1 , this study adopts five inputs and three outputs. Inputs include business personnel (the number of people), traffic officers (the number of people), floor area (area), automatic ticket booths (number), and the total number of platforms. The floor area and the total number of platforms are non-adjustable and non-centralized inputs, respectively. Business personnel, traffic officers, and the number of automatic ticket booths are adjustable and centralized inputs.
Outputs include passengers who get on (person-time) and off (person-time) and the number of trains standing at a platform (times), which are considered adjustable and centralized outputs, respectively.
In the long-term plan, resources can be adjusted across transportation service segments and stations; hence, all θ* values are equal while radial-based measure is adopted (under different programs; θ* values are 1.39 and 1.22). In the middle-term plan, cross-station adjustment can be performed only within every transportation service segment due to restrictions in resources; thus, θ* values are equal in every segment. Here, θ* values vary in different segments (taking plan 1 as an example, θ* values are 1.11, 1.06, 1.13, 1.1, and 1.13).
In the short-term plan, adjustments can only be made within every transportation service segment and station due to restrictions in resources. Thus, θ* values vary in different segments and stations. In all plans and programs, the incremental amplitude of the output of program 1 under the long-term plan is the highest (θ*=1.39), followed by that of program 2 under the long-term plan (θ*=1.22), and those of programs 1 and 2 under the short-term plan (θ*=1). Table 1 shows the changes in input differences in all conditions under different plans and programs, in accordance with the grade of transportation service segment and station. If the value is positive, then we should increase its input; otherwise, we should reduce its input.
Under program 2, the total numbers of business personnel, traffic officers, and automatic ticket booths remain unchanged, so that the sum of changes in difference is 0. Under program 1, the total numbers of business personnel and traffic officers can be changed, the total number of automatic ticket booths in use remains unchanged, and the two other inputs are negative (in the long-term plan, there were reductions of 308 business staff and 5 traffic officers). 
Table 1. Comparison of changes in input difference
The findings on input and output for the abovementioned empirical result of the efficiency evaluation of TRA after applying the model are described here. First, the incremental proportion of output under the long-term plan (the number of people who get on and off and the number of trains standing at a platform) is the highest, followed by those of the middle-and short-term plans. The long-term plan is adjusted according to the overall conditions of TRA (cross-transportation service segment and cross-station class). The incremental proportion of output decreases with the increase of limitations (failed to cross transportation service segment or station). Hence, if many limitations occur in resource adjustment and allocation, the changing amplitude of the overall output of a company or an organization is affected. Therefore, a large-scale, state-owned enterprise, such as TRA, should pursue output maximization by conducting overall adjustment (long-term plan). This finding verifies the result of Yu et al. (2013) who found that a large-scale company or organization should allocate existing resources and maximize its output based on an overall perspective.
The incremental proportion of output under program 1 is higher than that under program 2. In program 1, some inputs (business personnel and traffic officers) can be changed, that is, TRA can either increase or reduce its employees to ensure overall efficiency of all stations.
However, all inputs (business personnel, traffic officers, and automatic ticket booths) are kept unchanged. Program 1 can also lead to better resource allocation and achieve more outputs than program 2.
CONCLUSIONS
This study adopts the concept of two-phase centralized allocation and reallocation of resources. It also proposes long-, middle-, and short-term plans as well as two programs according to the range and manner of resource allocation, with the aim of analyzing the effect of centralized allocation of inputs (business people, traffic officers, and automatic ticket booths in 129 stations) on the overall operational performance of Taiwan Railway. The result shows that the long-term plan has the highest incremental proportion of output (the number of people who get on and off and the number of trains standing at a platform), followed by the middle-and short-term plans. The incremental proportion of output of program 1 must be higher than that of program 2. Better resource allocation indicates higher incremental proportion of output. For input, business personnel and traffic officers show different degrees of reduction under program 1. If Taiwan Railway is required to maximize output, some personnel may be dismissed or large-scale change and adjustment may occur (e.g., an employee will be transferred to farther transportation service segments under the long-term plan). These rapid and large-scale organization changes can lead to relatively large organization resistance. This study has three contributions to the evaluation of Taiwan Railway's transportation efficiency. First, this study utilizes CDEA to replace traditional DEA in evaluating Taiwan Railway's overall transportation efficiency. Second, the concepts of difference analysis and resource allocation are adopted to efficiently allocate the required personnel and equipment under the existing station classification system. Third, personnel and equipment are divided into six different conditions according to the range and manner of allocation (increase or reduction), in order to help Taiwan Railway achieve better resource allocation that, in turn, can help it reduce organization resistance caused by personnel deployment.
However, the existing architecture has several limitations. First, owing to the difficulty of data acquisition, only the personnel of all stations, equipment, station-related data, total passenger, and shifts can be obtained as variables. Other variables, such as energy consumption, business income and external environment, may affect the existing empirical result. Second, given that some variables should be integers, including personnel, equipment, total passenger and shifts, parts fixed on integers may incur errors. Thus, finding ways to resolve these limitations can be used as research direction for future studies.
